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The calculation of lifetimes of heavy-flavored baryons in the light-front quark model approach is briefly reviewed. 



1. INTRODUCTION 

The lifetimes of the b flavored hadrons Hb are 
related both to the CKM matrix elements \V c b\ 
and \V u b\ and to dynamics of Hb decays. Weak 
decays of heavy hadrons involve three fundamen- 
tal scales, the weak interaction scale Mw> the b- 
quark mass nib, and the QCD scale Aqcd, which 
are strongly ordered: Mw 3> nib ^> Aqcd- The 
first inequality means that the decay width of the 
b quark rises so rapidly with nib, namely Tb ~ 
Gr F m\, that the spectator process dominates for 
large nib. The second inequality means that for 
large rrib 6-quark decays before it can hadronize. 
Thus in the limit nib ^ oo the lifetimes of all b 
hadrons must be equal: t b + = r B a = t b o = T\ b . 

Inclusive Hb decays can be treated with the 
help of an operator product expansion (OPE) 
combined with the heavy quark expansion jlj. 
The OPE approach predicts that all corrections 
to the leading QCD improved parton terms ap- 
pear at the order 1 / and beyond. Thus mesons 
and baryons containing b quark are expected to 
have lifetimes differing by no more than a few 
per cent. The result of this approach for the A& 
lifetime is puzzling because it predicts that 
{ t k/ t b)ope ~ 0.98 + 0(l/m|), whereas the ex- 
perimental findings suggest a very much reduced 
fraction || 

{TK b /r B ) exp = 0.78 ±0.04, (1) 

or conversely a very much enhanced decay rate. 

Application of OPE to decays of b-hadrons 
has potentially two caveats. One is that OPE 
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is used in Minkowsky domain, and therefore re- 
lies on assumption of quark-hadron duality at 
the energies involved in decays. Another uncer- 
tainty arises from poor knowledge of matrix ele- 
ments of four-quark operators arising as terms of 
OPE. The decay rates of B and A fc are T(B) = 
0.63 ± 0.02 ps" 1 and r(A 6 ) = 0.83 ± 0.05 ps" 1 
differing by Ar(A b ) = 0.20 ± 0.05 ps" 1 . The 
four-fermion processes of weak scattering and 
Pauli interference calculated using the factoriza- 
tion approach and the description of the baryon 
relying on quantum mechanics of only the con- 
stituent quarks could explain, under certain con- 
ditions, only (13 ±7)% of Ar(A 6 ). [§. However, 
the " spectator effects" , which formally appear at 
0(l/ml) in OPE can be considerably larger. A 
piloting lattice study of Ref. Q suggests that 
the effects of weak scattering and interference can 
eliminate ~ 50% of the discrepancy between the 
theoretical prediction for T^ b /r B and the experi- 
mental result. It also appears that not all of the 
discrepancy can be accounted for by spectator ef- 
fects. The OPE prediction, given all the uncer- 
tainties involved, is unlikely to produce a number 
lower that ~ 0.9. 

It is not clear whether the present contradiction 
between the theory and the data on T\ b /r B is a 
temporary difficulty or an evidence of fundamen- 
tal flaws in theoretical understanding. In spite of 
great efforts of experimental activity the Af, life- 
time remains significantly low which continues to 
spur theoretical activity. In this respect, the use 
of phenomenological models, like the constituent 
quark model, could be of interest as a complimen- 
tary approach to the OPE resummation method. 
In this talk I shall consider the preasymptotic ef- 
fects for the A;, lifetime in the framework of the 



light-front (LF) quark model. My talk is pre- 
ceded by that of Dr.Kalman ||, covering, in part, 
the same topic. Therefore, I will avoid those as- 
pects that have been already discussed. Instead, 
I will concentrate on the calculation of lifetimes 
of A?, and other 6-flavored baryons. 

2. LF QUARK MODEL 

The LF quark model is a relativistic con- 
stituent quark model based on the LF formalism. 
In Ref. ||] this formalism has been used to es- 
tablish a simple quantum mechanical relation be- 
tween the inclusive decay rate of the B meson and 
that of a free b quark. The approach of || relies 
on the idea of duality in summing over the final 
hadronic states. It has been assumed that the 
sum over all possible charm final states X c can be 
modeled by the decay width of an on-shell b quark 
into on-shell c quark folded with the &-quark dis- 
tribution function f B (x,p 2 ± ) = \ip B (x,p 2 ± )\ 2 . The 
latter represents the probability to find b quark 
carrying a LF fraction x of the hadron momentum 
and a transverse relative momentum squared p\ . 
For the partial rates dT(B)/dq 2 the above men- 
tioned relation takes the form 



dr(B) dr b 



(2) 



where dT b /dq 2 is the free quark semileptonic or 
nonleptonic differential decay rate, with q being 
the 4-momentum of the W boson. The function 
Rs(q 2 ) incorporates the non perturbative effects 
related to binding effect and to the Fermi mo- 
tion of the heavy quark inside the hadron and 
is expressed in terms of the bound-state factor 
|^(a;,p5_)| 2 . For the details see ||. The non- 
perturbative corrections to the free quark decay 
rate vanish as m& — > oo Q but may be essential 
at finite values of the b quark mass due to the 
difference between mj and mn b and primordial 
motion of the b quark inside Hb- 

To define the LF wave function we use the sim- 
ple operational anzatz || and express il> B (x,p±) 
in terms of the equal time radial wave function 
i/jb(p 2 )- Explicit formulae relating ip b B (x,p 2 ) and 
ipB (p 2 ) can be found e.g. in Ref. 



3. B -MESON LIFETIME 

In what follows the B meson orbital wave func- 
tion is assumed to be the Gaussian function as 
iP B (p 2 ) = (V/W^) 1 exp (~ P 2 /2f3 2 s ), where the 
parameter l//3f,j defines the confinement scale. 
We take (3 bd = 0.45 GeV. For |*s(0)| 2 , the 
square of the wave function at the origin, we have 
|<If B (0)| 2 = 1.64 x 1(T 2 GeV 3 that compares fa- 
vorably with the estimation in the constituent 
quark ansiitz [0 |*s(0)| 2 = M B /f/12 = (1.6 ± 
0.7) x 10- 2 GeV 3 for f B = 190 MeV. 

We have found that the t^/tb ratio is rather 
stable with respect to the precise values of the 
heavy quark masses m& and m c provided m& — 
m c > 3.5 GeV. From now on we shall use the ref- 
erence values nib — 5.1 GeV and m c = 1.5 GeV. 
The value of the CKM parameter \V c b\ cancels 
in the ratio t^/tb, but is important for the 
absolute rates. Details of our calculations of 
T(B) are given in Table 1 for the three val- 



ues of the constituent mass m s 



The values 



m sp ~ 300 (200) MeV are usually used in non- 
relativistic (relativistic) quark models. We have 
also considered a very low constituent quark mass 
m sp — 100 MeV to see how much we can push 
up the theoretical prediction for T(Ah)/T(B), see 
below. All the semileptonic widths include the 
pQCD correction as an overall reduction factor 
equal to 0.9. Following Ref. [jl0| the transitions 
to baryon-antibaryon (A C A^ and S CS A) pairs are 
included. In addition we have added BR w 1.5% 
for the b — > u decays with iKb/Kbl ~ 0.1. The 
value of \V c b\ is defined by the condition that the 
calculated B lifetime is 1.56 ps. 



4. A b LIFETIME 

We shall analyze the inclusive semileptonic and 
non-leptonic Ab rates on simplifying assumption 
that As is composed of a heavy quark and a light 
scalar diquark with the effective mass m u d- Then 
the treatment of the inclusive Af, decays is sim- 
plified to a great extent and one can apply the 
model considered above with the minor modifica- 
tions. For the heavy-light diquark wave function 
ipAh we again assume the Gaussian ansatz with 
the oscillator parameter j3b u - The width of Af, can 



Table 1 

The branching fractions (in per cent) for the in- 
clusive B decays calculated within the LF quark 
model for the several values of m sp . The values of 
\Vcb\ in units of 10 _: Vl.56 ^/T {exp) {B) are also 
reported. 
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be obtained from that of B by the replacements 
M B —> M\ b , m sp -> m ud and (3 b d j3 bu . The 
latter two replacements change / A , the b quark 
distribution function inside the A;,, in comparison 
with f b B . 

The inclusive nonleptonic channels for A;, are 
the same as for B meson except the decays into 
baryon-antibaryon pairs which are missing in 
case of A b . The absence of this decay channel 
leads to the reduction of r(A 6 ) by ps 7%. This 
effects prolongs ta 6 over tb- The phase space 
enhancement in A;, is marginal and can not be 
responsible for a shorter lifetime of Af,. The only 
distinction between the two lifetimes, ta 6 and tb, 
can occur due to the difference of the binding and 
Fermi motion effects. These effects are encoded 
in the parameter xq = m b /mjj b and the distribu- 
tions f\ b and f B . 

The concrete amount of the deviation between 
ta b and tb depends in essential way on m u d and 
[3 u b- In what follows the diquark mass is taken as 

m ud = 1x1* = -{m u +m d - m v ). (3) 

In this relation inspired by the quark model, the 
factor 1/2 arises from the different color factors 
for u and d in the 7r-meson ( a triplet and an- 



titriplct making a singlet) and u and d in the the 
At, (two triplets making an antitriplct). 

The quantity (3 u b can be translated into the ra- 
tio of the squares of the wave functions deter- 
mining the probability to find a light quark at 
the location of the b quark inside the Af, baryon 
and B meson, i.e. r = |*a 6 (0)| 2 /I*b(0)| 2 = 
(Pbu/Pbd) 3 ■ If we take r = 1.2 ± 0.2 as sug- 
gested by the lattice study of Ref. H we obtain 
(taJt b ) lf = 0.88 ± 0.02 for m sp = 200 MeV. 
Adding the contribution of the 4-quark operators 
Ar 4 « = 0.08 ± 0.02 from §] we reproduce the ex- 
perimental result ([!]). 

It is instructive to note that the calculated 
branching fractions of Ab show marginal depen- 
dence on the choice of the model parameters; they 
are ~ 11.5 % for the semileptonic b — > cev e transi- 
tions, ~ 2.8% for b — * ctv t , ~ 50% for the nonlep- 
tonic b — > cdu transitions, and ~ 16% for b — * ccs 
transitions. 

An exploratory study of the dependence of 
T\. on m u d and r has been performed in Ref. 
|12 ] . Two choices for diquark masses were taken: 
m-ud = Tn u + m,d corresponding to zero binding 
approximation and m u d = m* from (||). The 
wave function ratio has been varied in the range 
0.3 < r < 2.3 that corresponds to 0.3 GeV < 
(3bu < 0.6 GeV. The results for t^/tb are exhib- 
ited in Table 2, which we now discuss. 

We observe that to decrease the theoretical pre- 
diction for ta 6 requires to decrease the value of 
the hadronic parameter r to 0.3-0.5 and the value 
of m sp to ~ 100 MeV. For example, assuming 
that r ~ 0.3 we find that the lifetime ratio is de- 
creased from 0.88 to 0.81 if m sp is reduced from 
300 MeV to 100 MeV and m ud = m u + m d . For 
the m u d = TO* the ratio is almost stable (~ 0.8), 
so that reducing of the diquark mass produces 
a decrease of the lifetime ratio by 1%, 5%, and 
8% for m sp = 100, 200, and 300 MeV, respec- 
tively. Varying the spectator quark mass in a 
similar way we find that for the "central value" 



2 Recall that estimates of the parameter r using the non 
relativistic quark model or the bag model or QCD sum 
rules are typically in the range 0.1 — 0.5. The value r = 2.3 
corresponds to the upper Rosner estimation W obtained 
from the ratio of hyperfine splitting between E(, and 
baryons and B and B* mesons . 



Table 2 

The LF quark model results for the ratio t^/tb 
calculated for different values of r and m sp . m ap 
are in units of MeV. m u d are given by (^). The 
results corresponding to m u d = m u +md are given 
in parentheses. 
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r ~ 1 the lifetime ratios are reduced from 0.93 to 
0.88 for m u d = m u +md and remain almost stable 
(~ 0.86) for m u d ~ to*. For the largest possible 
value of r suggested in r ~ 2.3, the lifetime 
ratios are reduced from 0.97 to 0.94 in the former 
case and remain almost stable ~ 0.91 — 0.93 in 
the latter case. 

The lifetimes of other 6-flavored baryons are 
reported in Table 3. The results are obtained us- 
ing r = 1 and adding the marginal contribution of 
Ar 4? from Ref. Q. As we have discussed earlier 
this contribution may be strongly enhanced by 
the QCD effects in which case the lifetime pre- 
dictions should be decreased by ~ 10%. 

5. CONCLUSIONS 

If the current value of {T{A b )) exp persists, the 
most likely explanation is that some hadronic ma- 
trix elements of four-quark operators are larger 
than the naive expectation If a significant 
fraction ~ 50% of the discrepancy between the 
theoretical prediction for t^/tb and the exper- 
imental result can be accounted for the specta- 
tor effects H then the remainder of the discrep- 
ancy can be naturally explained by the preasymp- 
totic effects. We have found that the binding ef- 
fect produces for r = 1.2 ± 0.2 m sp = 200 MeV 
and m M d = 250 MeV an additional increase of 
AT(A b )/T(B) by 12±2%0. 

3 Note that for these values of quark and diquark masses 
the Fermi motion effects in A b and B do not differ 
significantly. 



Table 3 

The predicted lifetimes T# b (in units of ps). r = 1. 
The constituent quark masses are m b = 5.1 GeV, 
m c = 1.5 GeV, m u = 0.2 GeV, m s = 0.35 GeV. 
The diquark masses are m U d = 0.25 GeV, m us — 
0.55 GeV, m ss = 0.7 GeV. \V cb \ = 0.0393. 
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